Social, ecological, and climatic factors interact creating a heterogeneous matrix that determines the spatiotemporal distribution of mosquitoes and human risks of exposure to the diseases they transmit. We explore linkages between the social and institutional processes behind residential abandonment, urban ecology, and the interactions of socio-ecological processes with abiotic drivers of mosquito production. Specifically, we test the relative roles of infrastructure degradation and vegetation for explaining the presence of Aedes albopictus Skuse 1894 to better predict spatial heterogeneity in mosquito exposure risk within urban environments. We further examine how precipitation interacts with these socially underpinned biophysical variables. We use a hierarchical statistical modeling approach to assess how environmental and climatic conditions over 3 years influence mosquito ecology across a socioeconomic gradient in Baltimore, MD. We show that decaying infrastructure and vegetation are important determinants of Ae. albopictus infestation. We demonstrate that both precipitation and vegetation influence mosquito production in ways that are mediated by the level of infrastructural decay on a given block. Mosquitoes were more common on blocks with greater abandonment, but when precipitation was low, mosquitoes were more likely to be found in higher-income neighborhoods with managed container habitat. Likewise, although increased vegetation was a negative predictor of mosquito infestation, more vegetation on blocks with high abandonment was associated with the largest mosquito populations. These findings indicate that fine spatial scale modeling of mosquito habitat within urban areas is needed to more accurately target vector control.
Aedes albopictus (Skuse 1894), commonly known as the Asian tiger mosquito, is an invasive mosquito species of considerable ecological, economic, and human health importance, especially in temperate areas Lounibos 2005, Leisnham and Juliano 2012) . Aedes albopictus is a successful invasive species that has spread from southeast Asia throughout the world on the heels of human activity in just three decades (Paupy et al. 2009 ). Aedes albopictus was first observed in the United States in 1985; since then it has been found in 36 states (Moore and Mitchell 1997 , Rochlin et al. 2013a , Kraemer et al. 2015 . It has invaded temperate environments by exploiting a variety of larval habitats from natural containers (e.g., tree holes) to anthropogenic containers (e.g., discarded tires). This species can survive extreme weather in microhabitats that buffer these conditions, and lays diapausing eggs that can survive drought and winter (Becker et al. 2012 , Waldock et al. 2013 . Not only has it successfully invaded temperate North America, there is evidence that it outcompetes many of the resident mosquito species it encounters (Juliano and Lounibos 2005 , Costanzo et al. 2011 , Rochlin et al. 2013b .
Although the importance of Ae. albopictus in arboviral transmission in the United States remains unclear, multiple endemic arboviruses have been isolated from Ae. albopictus collected in the field from locations across the globe, including Cache Valley, eastern equine encephalitis, Jamestown canyon, La Crosse, dengue, chikungunya, Zika, and West Nile viruses (Ib añez-Bernal et al. 1997 , Moore and Mitchell 1997 , Gerhardt et al. 2001 , Turell et al. 2005 , Pan American Health Organization/World Health Organization 2016 . Local transmission of dengue and chikungunya viruses by established Ae. albopictus populations has already occurred in the temperate areas of Europe (Chretien and Linthicum 2007, Rezza et al. 2007 ) and Asia (Tsuda et al. 2016 , Quam et al. 2016 .
Even in the absence of disease transmission, infestation with Ae. albopictus may accrue negative health outcomes. It has become the most common nuisance mosquito in the eastern United States, aggressively biting humans during the day, so much so that it is reported as a significant deterrent of outdoor recreation in northeastern U.S. cities (Dowling et al. 2013a , Worobey et al. 2013 , Halasa et al. 2014 . In a survey of residents across six neighborhoods in Washington, DC, 61% (n ¼ 247) of those surveyed said they change their behavior (did not spend time outside, take walks, or garden) in response to Ae. albopictus biting pressure (Dowling et al. 2013a) .
Limiting disease transmission and nuisance biting hinges on reducing vector populations and human-vector contact rates. Principal vector control methods usually include larval source reduction to reduce standing water or the use of night-time insecticides, but these methods are less effective for Aedes, in general, because these mosquitoes mature in small containers, are active during the day, and have evolved resistance to many commonly used insecticides (Bartlett-Healy et al. 2012 , Leisnham and Juliano 2012 , Marcombe et al. 2014 . Instead, effective control depends on the removal or regular maintenance of smaller container habitats, which requires concerted involvement of vector control officials and the community at large.
Although the risk of disease transmission and nuisance biting is linked to adult populations (Gratz 2004 , Andreadis et al. 2004 ), vector population growth is directly influenced by ecological processes, including climatic conditions and resource quality, at the aquatic juvenile stages (e.g., eggs, larvae, and pupae; Kraus and Vonesh 2012, LaDeau et al. 2015) . Two key climatic conditions that directly impact Ae. albopictus populations are temperature and precipitation. Temperature can have both direct and indirect influences on adult and juvenile survival, juvenile development, and adult female biting behaviors (Alto and Juliano 2001b , Costa et al. 2010 , Roiz et al. 2010 , Carrington et al. 2013 , Couret et al. 2014 . Likewise, precipitation is necessary to fill container habitats and maintain water resources necessary for juvenile mosquito development (Alto and Juliano 2001a .
In its native range, Ae. albopictus habitat includes tree holes and other small, naturally occurring container habitat (Hawley 1988 ). However, the successful invasion of Ae. albopictus is tied to its ability to take advantage of artificial container habitats that pervade in human-dominated landscapes (Hawley 1988) . Urban environments usually provide ample container habitat for larval mosquitoes; however, the quality and volume of container habitats has been shown to vary across fine spatial scales Slaney 2009, Yee et al. 2012) . Infrastructural decay manifested as abandoned buildings and semipermanent dumping grounds (when people dispose of garbage within residential areas [Hotez et al. 2014] ) may increase critical habitat for Ae. albopictus (Ferwerda 2009 , Becker et al. 2012 , Dowling et al. 2013b . Lower socioeconomic status neighborhoods, where histories of public and private disinvestment have increased the likelihood of abandonment and dumping, have repeatedly been shown to have more discarded containers and more containers infested with juvenile Ae. albopictus (Chambers et al. 1986 , Joshi et al. 2006 , Unlu et al. 2011 , Bartlett-Healy et al. 2012 , Dowling et al. 2013b , LaDeau et al. 2013 , Rochlin et al. 2013a ). However, other research has found that permanent containers that are either more closely linked to human water storage or retain water for longer are more suitable larval habitats for Ae. albopictus (Unlu et al. 2011 , Becker et al. 2014 . These different conclusions are likely derived from differences in the precipitation context during each study, as the amount of precipitation may influence what types of containers are most important at different times. In times of low precipitation, smaller discarded containers are quick to dry out and may be too transient to allow subadult development, and Ae. albopictus may persist in places where people irrigate and unintentionally maintain juvenile mosquito habitat (Bartlett-Healy et al. 2012 , Becker et al. 2012 .
Vegetation can also alter habitat suitability for juvenile Ae. albopictus. The most well-documented effects of vegetation on container-mosquito ecology are the alteration of detrital resource inputs into containers (Kling et al. 2007 , Bartlett-Healy et al. 2012 , Yee et al. 2012 ). Additionally, shade may lower water temperature and the rate of evaporation such that water remains standing longer in containers (Beier et al. 1983) . Urban vegetation patterns are also linked to underlying demographic and social processes of cities. For instance, the number of overall and exotic plant species has been related to the number of people and the age and affluence of neighborhoods (Pickett et al. 2011 , Johnson et al. 2014 . Differences in vegetation cover owing to building removal and municipal-or community-based management practices may further influence the quality of urban juvenile mosquito habitat.
The local habitat conditions that influence mosquito life history often vary at spatial scales significantly finer than the land use and census tract boundaries that inform many social and ecological variables (Rey et al. 2006 , Leisnham and Juliano 2009 . Aedes albopictus is likely influenced by local biophysical conditions that support larval development, resting survivorship, and host access all within the hundred meter flight range (Marini et al. 2010) . Although there is consensus regarding the distribution of Ae. albopictus on large spatial scales, understanding the habitat use and biting behavior variation at fine spatial scales is required to guide effective vector control. Accordingly, we aim to understand the influence of infrastructure degradation, vegetation, and how precipitation interacts with these biophysical variables on the presence of Ae. albopictus to better predict spatial heterogeneity in mosquito exposure risk within urban environments. The findings of this study are based on primary, field-collected data across three active mosquito seasons and five neighborhoods in West Baltimore, MD, that represent a stark socioeconomic gradient. The findings provide novel inference on the interactive influences of precipitation and key socio-ecological variables that vary within urban environments.
Materials and Methods

Neighborhood Selection
We collected data in five neighborhoods that spanned low, medium, and high socioeconomic status (SES) categorization. These neighborhoods were identified a priori using online data (http://bniajfi.org/ and google maps, accessed 11 May 2017) and ground surveys to ensure that selected neighborhoods were predominantly residential and included neighborhoods with median household incomes from below, at and above the City's 2014 median household income estimate of US$41,819 (United States Census Bureau/American FactFinder 2014). We further examined educational attainment and housing quality extracted from census data to categorize our five focal neighborhoods along an SES gradient (see Supplemental Material [online only]). From the five study neighborhoods, we randomly selected 33 blocks identified as predominantly residential housing (avoiding blocks with schools, large apartment complexes, and businesses). Blocks were selected in clusters of two adjacent, with at least one block between each of the two to five cluster pairs per neighborhood ( Fig. 1 ).
Surveillance
We conducted comprehensive, block-scale surveillance of larval habitat three times during each season (June, July, and September) during the summers of 2013, 2014, and 2015. One block per cluster was designated as a "focal" block (16 total), and all accessible containers were sampled and categorized as structural, functional, or trash as in previous work described by (Dowling et al. 2013b , LaDeau et al. 2013 ; structural containers were permanent artificial containers; functional containers were moveable and used for yard work, storage, or recreation; and litter or other trash were categorized as discarded containers. Collected mosquitoes were enumerated and identified to species.
During the same time period, we conducted adult mosquito sampling for 3 d every 3 wk using BG-Sentinel (Biogents, Regensburg, Germany) traps baited with CO 2 and octenol lures in each study year. Octenol lures contain a compound found in cattle odors and human sweat and are widely used to trap mosquitoes and other bloodfeeding animals (Dekel et al. 2016) . Traps were deployed in pairs on 12 of the 16 focal blocks, three blocks each in high and medium SES locations and six in low SES sites ( Fig. 1 ). Traps were deployed and operational for 72 h every 3 wk between May and September in 2013, 2014, and 2015. Mean female mosquito densities per trap night were calculated for each focal block and sampling period corresponding to the three juvenile mosquito sampling periods.
Climate
We used NOAA GHCN-daily climate data from the Maryland Science Center (GHCND: USW00093784; Menne et al. 2015) . The station is located on an average 3 km (SD ¼ 0.44 km) from the focal blocks ( Fig. 1) . We calculated the total precipitation (tenths of mm) for the 2 wk preceding each juvenile sampling date, corresponding to juvenile development timing (Waldock et al. 2013) . We also recorded if it rained in the 2 d prior to sampling as a binary indicator variable, as this would inflate the number of rain-filled containers present but not provide sufficient time for larval development. We calculated a long-term average (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) for each sample period to provide an index for comparison (Supp. Fig. 1 [online only]).
Infrastructural Degradation
In 2014, we performed a neighborhood mapping survey in which street segments (mean ¼ 3.4, SD ¼ 0.9) in each block cluster were surveyed to enumerate specific conditions that might promote Ae. albopictus population growth. Two researchers walked the length of each tract and independently counted the number of trees, abandoned buildings (officially condemned or with boarded-up entry), parks, grass lots, garbage piles, and litter items. Data were entered into a geographic information system (GIS) using the program QGIS (Quantum GIS Development Team 2017) , and segment length was calculated in meters. The total segment length surveyed per block cluster ranged from 281 to 695 m (mean ¼ 421, SD ¼ 103). Enumerated characteristics were then divided by the total length surveyed in meters per block cluster to standardize across all block clusters.
Vegetation
Landsat level 2 surface reflectance normalized difference vegetation index (NDVI) data (30 m 2 ) were used to measure vegetation for each year of surveillance (2013) (2014) (2015) . All images were acquired in April (21 April 2013 , 24 April 2014 , and 11 April 2015 . Normalized difference vegetation index ranges from 0 to 1; values from 0.2 to 0.5 are considered to represent sparse vegetation, whereas values from 0.6 to 0.9 indicate dense vegetation (United States Geological Survey 2015) . Normalized difference vegetation index (mean and standard deviation) was calculated for each of the 16 block clusters, and values were standardized for each year by subtracting the mean and dividing by the standard deviation to enable comparisons between years.
Dependent Variable
To best understand how SES characteristics and precipitation influence mosquito production in this landscape, we built of a commonly used metric of immature mosquito infestation, the container index. The container index measures the percent of water-holding containers positive for immature mosquitoes and has been linked to adult mosquito densities in Baltimore previously (Bodner 2014) . Underlying our data, we find an association between the percent of containers positive and the number of water-holding containers and differences in the number of containers sampled by block reflective of the underlying total area. Based on these relationships, we deem it necessary to incorporate the sampled area in the calculation of the container index. Therefore, we used block-level data for each year to estimate the percent of positive containers per square meter by multiplying the average number of containers per square meter by the percent of positive containers sampled, henceforth called the standardized container index (SCI).
Explanatory Variables
To evaluate colinearity among the suite of variables enumerated, Pearson product-moment correlation coefficients were computed comparing median household income, infrastructure condition metrics, and vegetation. Colinearity of explanatory variables were assessed with a cut-off value of r ¼ 0.5. We explore the power of explanatory variables at both neighborhood and block scales.
Analysis
We used a generalized linear (Poisson) mixed model to evaluate how socio-ecological indicators, infrastructural decline, and vegetation influence SCI at the block scale. We used mixed-model regression to accommodate temporal and spatial sampling structure (sample periods within years). Model Akaike information criterion (AIC) scores were used to compare a baseline model with precipitation, a model that included both climatic and socio-ecological predictors, and a model that included two-way interaction terms among predictors (Burnham and Anderson 2003) . Model AIC scores were compared by measuring Delta, which is the difference in AIC score between models (DAIC). All analyses were done in the statistical software R with the mixed model regression package glmmADMB ).
Results
Neighborhood Condition
There were differences in the total number of standing abandoned buildings by SES category and minor fluctuations across years: In high SES blocks, there were three apparently abandoned structures out of 509 (1%); in median SES neighborhoods, there were on an average 56.33 (SD ¼ 8.97) out of 1,035 (5%); and in low SES, there were on an average 403.67 (SD ¼ 5.69) out of 1,554 (26%). We repeated the enumeration of abandoned buildings each year of the study. In the middle and low SES neighborhoods, there was a net upward trend in the number of abandoned properties with an additional 16 in medium and 11 in low SES neighborhoods over the 3 yr of surveillance. The number of abandoned buildings on a block describes the state of infrastructural degradation and covaries with garbage (r ¼ 0.83; P value < 0.001) and semipermanent dumping grounds (r ¼ 65; P < 0.001). The number of abandoned buildings, amount of litter, and semipermanent dumping grounds represent proximal measurements for potential breeding habitat. Because these metrics covary, we chose to include only the number of abandoned buildings in our model.
Although NDVI varies across neighborhoods, it does not vary linearly with income (Supp. Fig. 2 [online only] ). The relative greenness of a neighborhood is high for both low-and high-income neighborhoods and lowest in medium-income ones. Because it does not vary linearly by our SES categorization as abandoned buildings do, including a vegetation measurement characterizes something other than what abandoned buildings represents. Furthermore, including a measurement of vegetation is important because it influences the duration water remains in containers, water temperature, and the availability of nutrients for developing mosquitoes (Tun-Lin et al. 1996) . Its interactive effect with precipitation is therefore of interest.
The median household income was negatively associated with the quantity of garbage (r ¼ À0.22; P-value ¼ 0.006), the number of semipermanent dumping sites (r ¼ À0.36; P < 0.001), and abandoned buildings (r ¼ À0.27; P-value < 0.001) but not NDVI (r ¼ À0.05; P-value ¼ 0.56) in a neighborhood. Owing to the intraneighborhood variability in median household income (see Supplemental Material [online only]: SES Categorization), we decided to use more direct measurements of block cluster socioecological variables as described by abandonment and vegetation. The number of abandoned buildings, the quantity of garbage, and semipermanent dumping sites support our a priori designation of a socioeconomic gradient across the selected neighborhoods (Supp. Fig. 2 [online only] ).
Mosquito Ecology
The 16 focal blocks across the five neighborhoods consisted of 2,287 total land parcels, of which we visited 75.5% across the duration of the study. Sampling access was highest in low SES blocks, although coverage ranged from 73.0-77.1% across all neighborhoods. Water samples were collected from 1,342 containers. Of these, 72.8% were positive for Ae. albopictus larvae and 24.2% positive for Ae. albopictus pupae, regardless of SES category. Nearly 60% of all positive container habitat contained juvenile Ae. albopictus. Other species collected include Culex (pipiens and restuans, 32% of positive containers) and Aedes japonicus (Theobald) (10% of positive containers). Aedes triseriatus (Say), Culex territans Walker, and Anopheles spp. occurred in <1% of all positive habitats. Aedes albopictus was the predominant species recovered from adult samples, making up 75% of all females collected. Culex spp. (21%), Ae. japonicus (3%), Aedes vexans (Meigen), and Anopholes spp. (<1% each) were also collected in BG-Sentinel traps.
Discarded, trash container habitat was the main type of container habitat in median and low SES blocks, whereas functional and structural container habitat predominated in high SES blocks (Fig. 2, Panel A) . Even within a container type category, the mean volume of containers sampled varied across the different neighborhoods, with smaller discarded containers and larger structural containers in high SES blocks compared with those found in lower SES neighborhoods (Fig. 2, Panel B) . Consistently, the percentages of positive containers for larvae and pupae were higher in trash containers, and the highest percent of trash containers positive for Ae. albopictus was in low SES blocks (Fig. 2, Panel C) .
The final model included precipitation, number of abandoned buildings, and vegetation for each block and with interaction terms (AIC ¼ 1998.2; Table 1 ). This model showed improvements over a baseline model with only the temporally varying climate parameters (previous 2 wk accumulated precipitation and the 2-d indicator; DAIC¼ 550), a model with only spatially predictive variables, abandoned buildings, and vegetation (DAIC ¼ 259), and a model incorporating both climatic and spatially explicit variables but no interaction terms (DAIC ¼ 193.6) .
The SCI for both pupae and larvae (Fig. 3) was positively associated with precipitation, numbers of abandoned buildings, and with reduced vegetation (Table 1 ). In addition, we found significant interactions that support a mediating effect of abandoned buildings on the influence of precipitation (Fig. 4) and vegetation (Table 1) . Although areas with more abandoned buildings had higher SCI overall, the effect of precipitation differed based on abandonment. Blocks with fewer abandoned buildings showed a negative relationship between increasing precipitation and SCI, whereas blocks with more abandoned buildings showed a positive relationship, indicating that the regulating effects of precipitation on mosquito productivity varies with infrastructure condition. Likewise, while NDVI was negatively associated with SCI, it was a positive predictor on blocks with more abandoned buildings (Table 1) .
Additionally, we modeled the influence of these socio-ecological factors, abandonment, and vegetation on adult Ae. albopictus populations. The influence of precipitation was left out of this model, as the link between precipitation and adult numbers is more tenuous owing to success of juvenile development and conditions suitable to adult breeding and biting behaviors. We find that predictors of juvenile habitat production-abandoned buildings and vegetation-are also predictive of spatial-temporal variability of adult abundance (Table 1 ; Supp. Fig. 3 [online only] ). Adult abundance was positively associated with the number of abandoned buildings and, while vegetation on its own was not significant, areas of high abandonment and high vegetation indicate even greater adult abundance than high abandonment alone (Table 1) . Across the 3 yr of analysis, we found significant positive relationships between mean adult abundance and larval SCI (r ¼ 0.3, P ¼ 0.004) and mean adult abundance and pupal SCI (r ¼ 0.29, P ¼ 0.005), indicating that knowing larval or pupal SCI on a given block in a given year is predictive of adult abundance at that same spatiotemporal scale.
Discussion
We found that infrastructure decay and vegetation both play important roles in determining the distribution of Ae. albopictus in the urban landscape, with higher rates of abandonment and reduced vegetation increasing the likelihood of Ae. albopictus infestation. We further show that the level of abandonment mediates the influence of both precipitation and vegetation on mosquito abundances. Infrastructural barriers prevalent in many neighborhoods in the United States limit human-mosquito exposure, including regular garbage collection, which limits juvenile habitat, and the use of screens and air conditioning, which reduce vector-host contact rates (Reiter et al. 2003) .
Areas with histories of disinvestment in housing and infrastructure, however, are potential footholds for Ae. albopictus populations and vector-borne disease transmission (Hotez et al. 2014 ). The number of abandoned buildings characterizes the current state of infrastructural degradation, reflects a history of disinvestment, and covaries with median household income, garbage, and semipermanent dumping grounds at the block scale. The co-occurrence of semipermanent dumping sites with abandoned buildings feeds into a negative feedback loop: neither the city nor its residents can maintain these areas, so more garbage accumulates, pests proliferate, housing values may continue to decline, and those residents who do not choose or cannot afford to leave are less able to enjoy the outdoors and are at higher risk for vectors of disease such as Ae. albopictus (Biehler 2013) . It is important to note how these drivers and outcomes are coupled. The distribution of abandoned buildings and urban vegetation is rooted in historical social processes (e.g., the legacy of redlining; Biehler 2013) and influenced by current issues (e.g., investment or disinvestment in housing rehabilitation, planting of trees for climate change mitigation; Pickett et al. 2011) .
Aedes albopictus biting may influence changes in human behavior, for example, by discouraging residents from spending time outdoors-including time during which they might manage vegetation and trash (Dowling et al. 2013a ). On the other hand, emergence of mosquito-borne diseases may influence future urban management decisions. Finally, in areas with high rates of housing abandonment, infrastructural integrity and vegetation are linked when abandoned buildings collapse or are demolished and vegetation returns-under either managed or unmanaged conditions. We demonstrate that at least one metric of vegetation condition, NDVI, is an important indicator of juvenile mosquito occurrence, and when high NDVI occurs on a block with abandoned buildings, it is associated with even greater numbers of adult mosquitoes. Areas with high abandonment and vegetation may be sources of Ae. albopictus production and targeting these "hot spots" for vector control interventions could be effective (Unlu et al. 2015) . The negative effect of NDVI on SCI metrics is likely owing to increased NDVI in high SES neighborhoods, although its mechanistic significance is not well understood. Juvenile and adult mosquitoes need vegetation, but the expected positive association with vegetation was only evident on blocks with high abandonment. More work is needed to understand whether this is because high SES habitat has greater human-derived source reduction, limiting juvenile development regardless of vegetation resource availability or microhabitat influence. Future research needs to better describe and quantify differences in vegetation communities between areas of low versus high abandonment. Few studies have undertaken rigorous assessments of vegetation communities in private backyards across different histories of disinvestment let alone relate differences (if any) to adult mosquito ecology (Pickett et al. 2011) . Variation in vegetation can affect adult mosquito ecology by providing differences in microsite temperature and humidity, resting sites, and sugar food resources (Gu et al. 2011 , Buckner et al. 2016 . Further, we found that more precipitation during the 2 wk prior to sampling led to an increase in the presence of juvenile Ae. albopictus. Significant interactive effects between precipitation, vegetation, and abandoned buildings suggest that fine spatial variability in juvenile habitat productivity responds to precipitation in ways that are mediated by local socio-ecological conditions. The significant interactive effect between abandoned buildings and precipitation within the previous 2 wk indicates that abandoned buildings, and associated discarded container habitat, are good habitat when it rains but are not as good for juvenile development when precipitation is low. In contrast, areas with few abandoned buildings and more managed versus discarded containers are less tightly controlled by weather because people are likely to water and manage these containers. The projected changes in climate for the northeastern United States, especially increased temperatures and precipitation (Pachauri et al. 2014) , portend conditions that may increase vector abundance and disease transmission. Climate change may influence Ae. albopictus distribution, abundance, and ability to spread arboviruses; however, the influences of climate and climate change cannot be disentangled from urban socio-ecological influences that contribute to mosquito habitat and production. The interactive effects between precipitation, abandonment, and vegetation in our models indicate that precipitation is not a good predictor unless we account for mechanisms driven by human practices at the local level.
The potential ecosystem benefits of urban trees for human health-decreased temperatures, reduced air pollution, and increased physical activity (Taylor and Hochuli 2015) -may be offset by the proliferation of Ae. albopictus that preferentially seek shady habitat within urban areas (Leisnham and Slaney 2009) . Areas with high abandonment and infrastructure demolition are easy targets for increasing urban tree canopy and meeting urban "greening" goals (e.g., http://treebaltimore.org, accessed 11 May 2017). The consequences of increasing tree canopy or vegetation greenness across a city are not clear and unlikely to be linear. Our data show that increasing NDVI without removing and limiting discarded container habitat may exacerbate mosquito infestations. Likewise, under drier precipitation regimes, the value of increased canopy for minimizing heat may have the unintended effects that allow for greater production and survival of Ae. albopictus in urban areas. Other researchers have found differences in Ae. albopictus response to tree canopy in urban areas, implying that while individual trees promote greater abundance, larger patches of trees may reduce Ae. albopictus abundance (Bartlett-Healy et al. 2012 , Rochlin et al. 2013b . A more complete understanding of the relationship between vegetation and Ae. albopictus is essential for informing future urban greening efforts that aim to reduce environmental health disparities and combat climate change. Future research should investigate the influence of different configuration and types of vegetation by comparing vacant lots to gardens, investigating patch size of vegetation, and even characterize plant communities. Currently a large "natural experiment" is underway across many urban landscapes, where regreening follows demolition of abandoned buildings and repurposing of vacant lots. These efforts are largely advancing without rigorous examination of either intended or unintended consequences for human health.
Although Ae. albopictus has been observed to take bloodmeals from many different vertebrate species (Niebylski et al. 1994) , it has been shown to preferentially bite humans in areas of high population density . Although risk to some may be elevated, fewer people live in areas with high rates of building abandonment. Even with associated higher Ae. albopictus infestation rates, the ratio of mosquitoes to humans may be lower in areas with fewer people. More research on Ae. albopictus biting behavior within urban areas is needed to understand where risk to humans is greatest.
This research used data collected at a fine spatial scale, across an SES gradient in West Baltimore, MD, over three mosquito seasons with different climatic conditions. With this spatiotemporal resolution, we have been able to quantify fine-scale differences in container habitat across a steep SES gradient, both within and across neighborhoods. Based on the links between SES, container habitat, and infrastructural integrity, SES profiles emerge. We find that low SES blocks with higher rates of abandonment are also disproportionately represented by low volume, unmanaged containers. Regardless of SES, trash containers are more likely to be infested with Ae. albopictus than other container types and the highest infestation rates are in low SES blocks. These vary by neighborhood condition in ways that are in accordance with others (Dowling et al. 2013a,b; LaDeau et al. 2013) and suggest that Ae. albopictus reduction should be targeted and sitespecific across an SES gradient to be most effective. Removing garbage and permanent dumping sites in these areas may greatly reduce the total number of unmanaged containers, the number positive for juvenile Ae. albopictus, and the number of biting adults.
In conclusion, Ae. albopictus populations remain unchecked in temperate North America. Urban centers are particularly at risk of local mosquito-borne disease transmission due to endemic Ae. albopictus populations, connectivity to regions with epidemics, and the density of susceptible people who live in cities (Manore et al. 2017 ). Areas of endemic poverty and urban decay embedded within northeastern U.S. cities may provide footholds for pestiferous Ae. albopictus populations. Climatic changes and associated urban greening initiatives are likely to influence Ae. albopictus populations in ways that are directly affected by neighborhood condition and human behavior. Although promising vaccines for arboviruses are under development, the introduction of other, emergent arboviruses (e.g., Mayaro; Moore and Mitchell 1997) is possible. Reducing critical habitat for Ae. albopictus mosquitoes in the northeastern United States is essential to reduce nuisance biting as well as transmission risk for present and future arboviruses. The findings highlight the tremendous fine-scale spatial heterogeneities in mosquito habitats within urban environments. By acknowledging and describing driving factors of this urban heterogeneity, we can achieve more effective and specific mosquito and mosquito-borne disease control. Sustainable management decisions will need to embrace the interlocking issues of poverty, urban decay, climate change, urban greening initiatives, and Ae. albopictus infestation.
